Two kinds of food frequency questionnaire (FFQ)s were used in the baseline and 5-year follow-up survey of the Japan Public Health Center-based prospective Study on Cancer and Cardiovascular Diseases (JPHC Study Cohort 1), a prospective follow-up study with 50,000 population. The former (FF000) was a 44-item FFQ without standard portions/units and the latter (FFQ05) was a 138-item FFQ with standard portions/units. To validate these FFQs, a 7-day dietary record (DR) survey with blood and urine collection was conducted in four seasons in the Ninohe (Iwate), Yokote (Akita) and Saku (Nagano) Public Health Center (PHC) areas, and in two seasons in the Ishikawa (Okinawa) PHC area. Another FFQ00 and FFQ05 have also been employed at a one-year interval to measure reproducibility. A total of 102 men and 113 women provided complete 28-day DRs (14 days for Okinawa) and then filled out both FFQs after three or six months. A total of 92 men and 104 women provided blood twice, and 37 men and 65 women provided 24-hour urine twice. The data from these surveys have been used to measure the validity and reproducibility of the estimated food groups and nutrient intake by each FFQ.
The accumulating evidences from large-scale prospective studies with comprehensive and validated food frequency questionnaire (FFQ) have served to disclose the role of diet in chronic disease development.1,2 Most of these reports were from Western countries where dietary habits and the disease profile differ substantially from those in Japan. The Japanese diet is characterized by a large number of food items per meal, various cooking methods, and seasonal variations. Therefore, the validity of the FFQ may be different from that in Western countries, making validation study necessary.
An earlier large-scale prospective study in Japan used a simple and non-validated questionnaire.3 It listed only 7 food items (rice/wheat, meat, fish and shellfish, milk and goat milk, greenyellow vegetables, pickles, and soybean paste soup), and questioned subjects regarding the frequency in 4 to 5 categories with the exception of rice/wheat, including the daily amount consumed. In our prospective study started in 1990, we have used two different FFQs; the FFQ in the baseline survey has 44 food items without inquires as to standard portions/units and covering 4 frequency categories, while the FFQ in a 5-year follow-up survey has 138 food items including standard portions/units and 9 frequency categories. To validate the estimated food and nutrient intake level assessed by the two FFQs, we conducted a validation study for a sub-sample of cohort participants.
In this report, we provided information on the study design, and the number of participants in the validation study. The background characteristics, food and nutrient intake among validation study participants were also compared with those among the original prospective study participants.
METHODS
Japan Public Health Center-based prospective Study on Cancer and Cardiovascular Diseases (JPHC Study)
The JPHC Study is a prospective follow-up study on cancer and cardiovascular diseases, initiated with 4 population cohorts and a health checkup cohort (JPHC Study Cohort I , a total of 61,595 subjects, 29,982 men and 31,613 women) in 1990 .4 These five cohort areas were selected based on variations in the mortality rate due to stomach cancer from our previous ecological study , in which randomly selected subjects were closely examined. (Figure 1 ). We further invited 7,097 participants (2,919 men and 4,178 women) in the health checkup program in the Katshushika PHC area in the Tokyo metropolitan district from fiscal 1990 to 1994, to which all 40-to 50-year-old residents were invited. We carried out the FFQ validation study in the 4 population-based cohort areas.
JPHC Study Cohort II
As of January 1, 1993, we further added a population-based cohort of 62,398 residents (30,651 men and 31,747 women) with registered addresses in 13 municipalities (city, town or village) supervised by five PHCs: Mito PHC area, Ibaragi Prefecture; Kashiwazaki PHC area, Niigata Prefecture; Chuo-higashi PHC area, Kochi Prefecture; Kamigoto PHC area, Nagasaki Prefecture; and Miyako PHC area, Okinawa Prefecture. They were born between January 1, 1923 and December 31, 1952. In Suita City in the Suita PHC area, Osaka Prefecture, two different cohorts were further arranged. The first cohort (Suits 1) was defined as all 40-to 50-year-old residents (9,747, 4,793 men and 4,954 women) of Suita City as of fiscal 1993, because they were invited to the comprehensive health checkup program conducted by the city. The second cohort (Suita 2) was defined as a part of the Suita study,7 in which 30-to 79-year-old subjects were arbitrarily selected based on the municipal population registry, in the years 1989 through 1992, stratified by sex and arranged in 10-year age groups. The 6,680 subjects (3,296 men and 3,384 women) aged 40 to 69 years as of April 1, 1993 joined the JPHC study. Six PHC areas were selected considering geographical distribution and feasibility of the study conducted. In February 1995, we conducted a 5-year follow-up survey among 52,879 residents who remained alive and were followed. A self-administered questionnaire including an 138-item FFQ section (FFQ05) was distributed. Questionnaires were returned from 42,188 subjects (77% response rate), among whom 35,945 responded to both questionnaires. The FFQ05 asked about the usual consumption of 138 food items (mostly single item or partly group items) during the previous year. Nine frequency categories were used for the majority of foods (almost never / 1-3 times per month / 1-2 times per week / 3-4 times per week / 5-6 times per week / once per day / 2-3 times per day / 4-6 times per day / 7 or more times per day). Portion sizes were specified, and the amounts were asked in three categories (less than half / same / more than one and a half times). The FFQ05 was developed based on a database of a weighed 3-day diet record survey9,10 from the same PHC areas in the Cohort to cover most of the population intake of most nutrients. The details of FFQ05 development were given elsewhere.11The FFQ05 is presented in the Appendix to this section.
Validation Study Subjects
The subjects of the validation study were a subsample of the participants in the JPHC Study Cohort I. The sample size calculation was done in designing the study to detect the correlation coefficient of 0.25, which was observed in a previous study for Vitamin A with the largest within-person variation. Figure 2 shows the sequence of data collection. Diet Records (DR)
Data Collection
The subjects provided 7-day dietary records four times (a total of 28 days) for each of the following seasons of the year: winter (February-March) (DR1), spring (May-June) (DR2), summer (August-September) (DR3), and autumn (November-December) (DR4). In the Ishikawa PHC, where a sub-tropical climate prevails, 7-day diet records were collected only twice, Winter (DR1) and Summer (DR3), because the seasonal variation was not expected to be large.
We collected semi-weighed (weighed or standard portions/units) dietary records over seven consecutive days. Research dietitians instructed the subjects to record all foods and beverages prepared and consumed in a specially designed booklet. The participants were asked to provide detailed descriptions of each food, including the method of preparation and recipes whenever possible. The dietitians checked the records at subjects' homes, workplace or community center during the survey and reviewed them in a standardized way after completion. The mean daily consumption of energy and 16 nutrients was calculated from the records using the Standard Food Composition Table published by the Science and Technology Agency of Japan.12
Blood (BL) and Urine (UR)
A total of 25 ml blood (10 ml in heparinized tube or tube without anticoagulant) was collected by venipuncture from all participants just before (winter) or after (summer) 7-day DR. Fasting for at least 5 hours was requested before blood collection . The heparinized tube was immediately centrifuged for 10 min at 2,500-3,000 rpm to obtain plasma, red blood cell and a buffy coat layer. The tubes without anticoagulant were left for approximately one hour at room temperature to facilitate clotting , and the serum was then separated by centrifugation. The plasma , red blood cells, buffy coat layer and serum were divided into several tubes, frozen and stored in an icebox with sufficient dry ice at the examination sites until they were sent to the laboratories , where they were stored at -80 **until analysis. Plasma for ascorbic acid measurement was stabilized by metaphosphoric acid . The blood samples were sent to several laboratories for analysis of some nutrients, e.g., lipids, fatty acids, vitamins, carotenoids , and selenium.
Twenty-four hour urine samples were collected voluntarily any day during a 7-day DR. A simple portable device (Urine Mate p , S umitomo Bakelite, Tokyo) was used for the urine collection . After measuring the total urine volume, samples were frozen at -80**and stored until analysis of the sodium and potassium . FFQs Three months after the subjects completed the dietary records (February 1995 in the three PHC areas and February 1996 in the Ishikawa PHC area), they were requested to fill in both the FFQOO (FFQ B: FFQ for measuring the validity of FFQ00 used in a baseline survey) and the FFQ05 (FFQ_ V:FFQ for measuring the validity of FFQ05 used in a 5-year follow-up survey). To evaluate the validities of the FFQ00 and FFQ05, the FFQ_B and FFQ _V were administered on the occasion of a 5-year follow-up survey of JPHC Study in the three PHC areas and one year later in the Ishikawa PHC area (Figure 2) .
The estimated levels of nutrient and food intake by FFQs were compared with those by dietary record or biological specimens such as blood and urine. Subjects were also asked to fill in the FFQ05 after a one-year interval to evaluate the reproducibility of FFQ05 (FFQ_R: FFQ for measuring the reproducibility of FFQ05). The FFQ_R was administered one year after the FFQ_V in the three PHC areas (February 1996) and one year before the FFQ V in the Ishikawa PHC areas.
RESULTS
Validation Study Participants (Table 1-2) Among the 247 initially registered subjects, 215 (87%), 102 men (84%) and 113 women (90%), 51 from Ninohe (91%), 58 from Yokote (82%), 51 from Saku (85%) and 55 from Ishikawa PHC areas (92%), provided a completed 28-day DR (14 days in the Ishikawa PHC area). All subjects who completed the DR and also answered the FFQ_V, were evaluated for the validity of these 215 FFQs against 215 completed DRs. A total of 196 subjects, 92 men and 104 women, provided blood twice, and 101 subjects, 37 men and 64 women, provided 24-hour urine twice.
Profiles of Participants Completing DRs
The background profile of participants who completed a 28-day dietary record (14 days in Ishikawa PHC area) was shown in Table 3 . The average age was 55.6 years in men and 53.3 years in women, with a mean BMI of 24.3 in men and 23.9 in women. The most frequent occupation was company employee (56%) in men, and housewife (48%) in women, followed by agricultural worker (30%) in men, and employee (26%) in women.
DISCUSSION
Although we should have randomly sampled the subjects of this validation study from eligible cohort participants to assure generalization of the results, we used volunteers considering the feasibility of the four 7-day DR surveys. Therefore, the validity measured in this study may not be applicable to all of the cohort participants. The background characteristics of the original JPHC Study Cohort I participants who responded to FFQ05 in the 5-year follow-up survey were shown in Table 4 . Although there were slight differences in mean age, BMI and job distribution between the validation study participants and the original cohort participants, the observed difference is presumed to be appropriate in applying the validation results.
The estimated intake of each food by FFQ05 was shown for both the validation study participants and the original JPHC Study Cohort I participants in Table 5 , and the estimated intake of each nutrient was presented in Table 6 . Although estimated energy intakes were almost the same in the two groups, the validation study participants tended to consume more fruit and vegetables, carotene and vitamin C. However, the average intake of other foods and nutrients was virtually comparable.
In conclusion, a total of 102 men and 113 women provided complete 28-day DRs and completed both the FFQ00 and FFQ05. Most of them provided blood twice, and a half of them also provided 24-hour urine samples twice. The data from these surveys have been used to measure the validity and reproducibility of the estimated nutrient intake by each FFQ. 
